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(54) WW©**] GaN»¥3*#JKfc*f 



(57) [gift] s " 
SZ.il. 

G a N**£|i»A±K:G a N&CD** K» h d *J&» 

u s e>»cgaty- k» h d fea«wit/* t-tinas a±k 

G a N#jgjygB &&&3-TCG a N*©ft^- h« 
5t3fc«fifcU rft&«3fcC&Sffl£fcUTGaN*¥ 
#*»jeit*«*rtt*. tSMA£J:0»g 
MB(^> ifKv h«Wt> K¥** 

fiw, |fflMlAO±ii»cfi»«*?KyK!>»«©«# 
V* (CBS) 0. 5nm^h^50nm, 0. 5n 
mSsw^ 2 00nm, 1 06 cm^pSl 0l 3 cm~2 



t - 



lb 



I 



A » Ft Ha«MW»GiMHf 
B »K» I WtM> tC « WH tM 



1 

[»*« 1 ] K* h#tt*«Mc«*8&#fc bT 
(A) t~ -jnm bjgtc^gtl .T«at»iifeG a N*tt 

itfia®±»cfiyibf='GaN**m^e>*sifeai (b) 

fc**t**ttTfc»J. 

(a) s^obm (b> otmc&wxyF 

h©^&*iwi:U ££1 (A) <D±®tC^W4*^ 
Fyh©#«C©g£v>&l!&gpi:bT, 0. 5nra£h 
g5 0nnu 0. 5nm^wg2 0 0nnu 1 06 cm 
-2gpglOl3 C m-2, T'^-SZlfc&mhtSGaN 

01*412] (A) tiftM (B) ti)\ 2V> 

Km&mm&znmiffiftDG ammm 20 

7D5KT. 

fcG a N**m^b«:St»OT-fe-6ll*5l 1 IB«©G a 

01*914] **F* hW§v*&ft*G a N#*m& 
F»M*Bi:J:t*. ISM (A) fc»V*&ft*GaN* 

fttiPTU (i) CD«»6tt«:«lfctBWWc*y. *s 
• (A) OM±Bi©«fRltti<7>^*-77^*> 

MSB (A) 0JUBICJ&F9 KfcbTJ«tfe*»© 
!?**»** 1 ffi«®G a N*i|i##«yBR?-. 
(i) &&& (A) ±ffi©£B#fll&g<t3i*:SJ:e>fc 

«aa*JW-sk«!<ii«i (a) ±wcfvMW 

ttHBWcliWWS-ftfcfcjr, F«v hWWftSii® 

(A) OMJJBKRttOiy^l^fti^Fvhtt 

0f##5] %m (a) , kf-kv k &m 

(B) 03t>©lRJ:®%<Dtf, B, As, Pfre>5§« 
♦i«16U:©7aM:**t*GaN*H«*»6«!*t>© 40 
T'Jfc£!t*3i 1 fBSc® G a N9M^83tiR?-. 

[000 1] 

[««©«1-6i8l5£SH GaN*tm£/S 
HMHWHaBR?- (BIT. fGaNWteBIW'J tt» 

vo) jc&t$fc<DT&»;, &b<ii, aft©**-* 

A»C$*8l#®*tt*<, G a N*¥*fttMC «J:*S* 
[0002] 

[tt&®8ft6) GaN*B3fc*7tt. ifi*PiS«K©«)* 50 
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*-f*-F (LED) *^Sftfc©fc«£IC8BfetfiS 
9Uctit>ttr*U. ^{*l/-if©£SJ^38B©*£ 

[0 0 0 3] G a N^ftfe*?®**''?*). 

*l$t,©i:bT> l&feS (mm KlhGaN®** 
#F«&JB^fefc0#&*. I n G a N &#V>T*?# 

■J-FvUCttfettHftto. InGaNfiQJKWfF** 
fiMfltffc J8<DW&l3tim»&b-¥ 3ft7C»fc#6lK-3V\ 

©?Sifc&$&foWg£* ttbnrfc y . citttf i n g a 
n M^n^MM ^m^r-m w§sga© 1 

[0004] InGa NS?»pS*Ofi^ K* httfc 
gp&tt, InGaNfifltfDtWC*oT**IC#fct* 

ZftbKMLX. j5¥» GaN^m 

a N^^ft&fi^ Fv h t LT»iBWCJi»S1i#* 
(Appl.Phys.Lett.69(1996)4096 

) . Z.<l)&f-YvYimfl>*i}-Xt*\*. liflBInG 
a N^>, G a A s K* hfl»8*i:tt£< 

[0005] 

Braawftw^fctaWB ±fB®«ke»Jc g & n 

[0 0 0 6] ±l3RiaS:jSfftU Ga 

<t »J«W%G a N^I^^&t^-tSiiltCfe^. 
[0007] 

[f*ffi&#fc1-6fc«>©#©] *58^©GaN^iNlft 

(1) »Fv MKt&JtetCfiRsa^fcUT^tftG 
aN^^^J^^T-feoT. 19121:? K» Mitt 
», GaN«tm^&«i:«IMW (A) z<Z>M±m 
C^MRUT««SnfeG a N*tm^e>«;*fi^ F«V h 
i:, ^C5*^-F>yhS:iI«)ii^KliaS±»Cfiil«bfcG 

aN*tt»*»6«s*IS*)i (B) £ZGtZim?$> 
i^SS (A) *3<fcU*SSS (B) <DffiHD&*<D>< 
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»Jfa*£<, £S©S£#GHcovvt©&*©#f Fy 
h©-rfi£fc&a h k U £S©&#$;*ftlcov \t©& 
*©*J-F<y h©Tfi!feS:*lw kU teas (A) ©±® 
fcfctf6ft*Fy h©#i*©K^fc8ffip tbX. 
0. 5nm^h^5 0nm, 0. 5nm^wg200n 
m, 106 cm-2^p^lOl3 C m-2, 

[0 0 0 8] (2) teaS (A) fciteiS (B) 
2^lC||fc$£8§9T?*>*_Lt3 (1) E«©GaN#¥ 

[0 0 0 9] (3) M&YvYtfi. WfeS:K-^>^ 
SftfeGaNa^*^fc$fc©T-;fc*xfB (1) IBIS 

[0010] (4) *?F? MCJBV^*l$GaN*# 

m Fvhtmt teas (a) ic;sv^*v£Ga 
xmttnm u) ©&3 L &£tt£ffifctB«& 

»J, teas (A) ©Jf±ffi©^®WS*^7^-b— 77 

*m#teaS (A) ©«±B5lc*^K>yhkbT^b 
fc*>©T'&-5J3B (1) ASi&DGaN&^flSm^ 

(i) teas (a) moy&mmzMttt&zs* 
mmmm-t^trjtK^m (a) ±®cKyMJ» 

(A) ©SxiBC«WCtea«ftU9* Kv 

[ooii] (5) teas (A) , i^K-y K teas 

(B) ©•?>*>© lRJ:©*©*^ B, As, PfrbMi 
tl& 1 J£U:(D5SgS:^teG a N3M#ftfr £>&£*>© 
T'&SxSB ( 1 ) IB«©G a N^^ft«^^. 

[0 0 12] 

vhtt. GaN**tt4fr*>fc6teaS CtlB (1) fcfc 
OgaS (A) j ) ±tC, GaN#*tt4fc**Fy 
HkL/T*fiS1i:fet.©'T?fe<E.. fc£U ±SB (4) © 
ilfe'J, Fv hJCfflvx^nSG a N**j**& F* h 
«fsfi:J:tf, feUJf (A) lCBv%e>*VSGaN*«*4* 
*-*ttBl:J:*i:*. Fy MtfBk*-*****^ 
±E (i) ©IB&lCfe*. BP*>> teaS (A) ©*9BR 
^fa"b3Wtait£::kfc<t^V©teai£gi£ • J* 

^fricx, k» h*m&teas (a) ±Krt*&«fe 

ICteaS (A) ±i:±mS\^^MthX^ti>G a 
-6. 

[0 0 13] K* MWW-XttBtilH. *CGaN 
SttJWcfcwc. teas (A) ±»C K» htt«Tf** 
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j&sa-frsfe&icu, teas (a) ©M±Bcr>^* 

-77**:/ h (tea® (A) ©SJj&OSiiftMfcS 

{ts-frs&H) fc#ss**. teas (a) ©s±k© 

6*1*. £ffi^fc3©£oKgWtaii*3i:KJ:o 

4GaN*tm*>e>*steas (a> ±c «pf*h 

kl/TfifcJ***. 

[0 0 14] ±f3©<fc ^ KG a NjMil^& 

fc*teaS±KG a N*titt*&&«*?- F? h 

s*» a &»cg a N*tm^e>ftsteas-c** f* h 

T«3feSI?4CEV%fe*,©-efcS. 3iT^-55S^* 

te£b»)fc**3J*re**. 

[0 0 15] r©*?F7MKtW3HT. HWWct 

^a-sstfeicii, <a*©Fy h©*sa, fc^t;* 

■y-Fv h^^:fr©S«£^*tf6B!k**3fc## 
gkfcS. «*©*?-.Fyb©*Sai*. *?KvM» 

mST-ifeS. teas (A) JJBC«W*«?Fyb±» 

[0 0 16] 

[«W©ia6©^®] Bltt *«WOGaN^56^ 

ii©LEDfe#5i:l/T3sUTV^. HH©LEDl±, te 
a®Rl±»C GaN9M«W6fe«ttW*ll(**^ 

au ^n»c p sffscomffi 5 k n affis©sffi 6 tsm 

««Ufe=fc©T'feS. S2ttnS!:3>*i'hS» S4« 

[0017] mi<m^»im&. (ps. n® © 

teaS«6IJS:nSi:U±Sffi!l«:pa!i:-rs-««l 

«:%©i:<fcoTv%s. ®m<mx-& tsaififiK 

«S^{* (-^^r^TteaSttO fcBwtfcU, S2©± 

ffitsffia-fr. ^©®^cm^^6 5:l2^■^■5kv^e»mfii©B^ 
VNTJi, itikHUtoWfeWTWB-r*. u*»u p 

/nSOTiT*^©^^. tzmfctmrnmnirz 
[0018] «?kv MBisit. teasAk. mo 



(4) 
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b'v hit. tsmBii *M*zmR*>v> i*v 

!btt±TGaNaM^fr&&£fc©T'&6. »Kvh 
dtt, £S»A(D±iiK^Lfe1^LT^aftT 

[0 0 19] %&MA£tZ&MB0Mm& HCT»* 

m&mtmt. vx zo± e>»c«v%s*^«toTam 

■E&M (HTttnSD ofcJISAi:, F*b 
dfc, Sg2fcas? (BT-ttpSD OteSSB^e>* 
» U. *S^AfclS^B#27y FBfcbTc&fiSIS:* 

T, £fte>&ae>KA>F¥-V>v7©*£Vxp& 
[0 0 2 0] ig^AfcJ^JiSBaatftfte*©^ 
yF¥vy7<D*£2&±£*Z>. rfttt, 3Wt*& 2( 

[0021] *?SW©G a N#$£y}iWSV^*lSG 
aN*tmfctt. Aln X Ga Y A1 Z N (0£X^ 
1, O^Y^l, O^Z^l, X+Y + Z=l) T'8H£ 
StVSft^t^ftT'fcS. ftK'tGaN, InGa 
N. A 1 G a U&fiMiJSttlbaL LT#tf e>*U>. ± 

ta;^ v 7®mmtz?tm<mfr£MtL lx 

] fc^Ai3±tm&J§B5:AlGaNi:U S*K 

BSAl'x Ga(i- X ) N£U i^F^ h£A 1 y Ga 
(1-Y) Ht*Sm&t (fc£L0<X, 0SY, Y<X 

[0 0 2 2] »K» h*t**t6G aNJftWRCI*. 

iiiZaxmsZF-xyrisXibZw 

[0 0 2 3] *§HSA, »K»K *SHSB© 

tiffc. se>c, b, as, p*»e>a»in*iRfc®5i 

[0 0 2 4] ±fS(^ffl©IWr«^fe*^C 38ft £i« 

[0 0 2 5] ff*0ft?-F<y h©*ftati. QtMomW- 
HHz^XOMrf-YvYOi^m 0K^SA©^ffi^e> 
*?Fyh©hv^*T?fiWfBH) fcJI3h£U 
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Ttf*LHBH*Wfe**. Fv hOKSh, (@w 

<mW&frZ*%fo*i>^ 3*ie>li#C0. 5nm& 

V>Ttt, Jtf9fcB©»£>&, fc<*htt5 0nm&T, 
(gwtt2 0 0nmJ£;T*W*tV^ t£t>T, 0. 5nm 
gh^5 0nm, 0. 5 nmiw^2 0 0 nm, iffit 

[0 0 2 6] jfcaSA©±B£fcttSfi-?-F«V h©#» 

5. «BSp & K* h l r> l o^e.^^liSvxD 
T% «J^S:#«t4i:106 cm-^Rfcfc-tSifc 
imtb<. Ztz. £*Fyh©*£SK*>J:$#, £ 
* K>v hH±^Sv^cgattL/«;v^e»tci 0l3cm-2jW 
Ti:tSiil*W*U^ t£oT, 106 cm-2gpg 
1 0l3 c m"2*W* L^mt&Z. 
[0 0 2 7] jg^MA©±S(cfi^ K? h 

V) fcm8SiiT*>e>J^Fy Mc#v^*i£GaN& 
i^^A(D±iglCT>^- 7 
r^f >h$r^$-&Sia±, JK^A^iffiiir^ 

ffi^sn^v^, mti. MocvDSiaot, ai 

G a N*§iSB±lCG a NCDS^- K>V h S«^T* 
MO C V DgfifcT- A 1 G a N*£&E#f&gb 
fcft. MOCVDSaWK:3!f^«fl>r>^-7Tf * 

[0028] yy**- 7y!>*yV*i3?&t.bx& 

vrtxyvttzvx'ibtitf* -e©jss«»cH2 
^y>{ra**zfcicj:y, H2 7*r* 

[0029] 7>f-b— 7r*#>hi:l/'tMv>6*i« 
fe^ii, ieaSA©*«4i:fi^F'vh0*mii0«a^: 

±t50£$\Zs AlGaNjgS®±tCGaN&ft^F^ 

h i: bT^a-ar-5©^cD7 y*v—77 v*y*tb 

H4, Si2H6, *fett^4T.?>Oig^^ CP2M 
[0 0 3 0] ffl*<aft?>Fy hO*£3« ^ S^-F 

5 ^ - ^ bT^ba-tirSi tick oTt^-TSi 
ti, MOCVD. MBE^if*We>n*. 
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[003 1] *SHS«tt. G a N**£S#fifcgnIffifet) 

3i*$KUCiHJ8S4Vt^4, SIC 
^AWe>tl*. ^7r>T 7©CiR A®. 

6 H- S i CSS, ftlCCBH^rW 7&fflWt b 

^a i n«o;<v y 7 -Mmrtt~*o>r-&^x*>& 

la±lC #ffl(tettfc*IM-*fc»®tf*77-*l 
! [0032] 

[gjgwi *m&m n. h i ic^-mito l e d z.% 

KHCjSftbfe. KLEDt| 1 lCfctt**y-K?M*3§3 
tt, ngAlGaNjgAi:, £©J|±®tC#ffitbTJ&* 
SftfcG a N*?- Kv h d fc* h d £««> 

aA/-ettlWA±KjWlbfe pSA 1 G a NJiB 

[0 0 3 3] OSSSffil ojgjft) fttolEWDl&lSfi 
lai:L,Ttt-^7r>f7C®««S:ffiv>fe. *Ti©iJ- 
7T-fTiWllatMOCVDiaWKMIU #Ht# 
B&TT* 1 2 0 OTSSTIMU "9— v;Vxyf->^S: 
tfofc. -eo&iaKfc 5 0 OX) tXTtf A 1 HCfti: L/T 
h U *$-JV7A/§. 02HTTMA) . NjKtffcbT 
rV'e-TfcttU AlNfi«/W77-*lbft30 

[0034] (nS3:>* *Wf2«W»8) AMUIt 
1 1000TJICJHIU GaJPHH/th^fM 1 ; 1 ? 
£ (TMG) , NJ^i:LT7> 5 E-7. K-/t>MK 
ftel/CS'^fcttU nfiGaN3^^H2!3 

[0 0 3 5] 0»KvMWl3flW»jO 
(MiA(WR«:«iaB«tll001CkU TMA, T 
MG, 7>=E-7, K-AVWRftkl/tJ/5>&«» 

U nS>AlGaN«A&0. 5 ft mjfcgS-frfc. 
©MA±ffiCD^B«!a ; J&SS&fc 1 0 0 0"Ct U H 
2 #*£^y7£bTxb5x^;i/S/7>£&*Sb, 

MA±ffiic i owmmztt. 

OS-?- K'V h d 0>f&$. ; TMG, 7> s EX7fcfl8&U 
G a N*f h d trjmbtz. K* h©^3 h© 
5pl^l±6nnu |gwCD¥i£ti4 Onmtfcofe, ife. 

tSfiWA«±iiiicfi»*»?-K'ybffld»<©«^v^ (* 

X 1 09 cm" 2 t**ot. 

«HB«WKl*:J*Sffl*fel 1 OOTJfcU TMA, T 
MG, 7>^-7, KwOHSCftilbT^X^n* 
>*S?XX;i/V^*5/f A (Cp2Mg) ftAMU P 
SAlGaNSBSrO. 5 /tmJj!t*S1i, *?Kf b* 
£3 fefcfe. 
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[0036] {.vm-nytwrnAwem 

lOOOTCfcb, TMG, 7>^X7, feitfK-/X> 
WSW4:UTCP2 MgtMftU P^GaNs;/*? 
hM4£l/imtfiSS-££. 

[0037] cms®^«] nfftiatfrWRUB 

U §f&#B&. 8 0 0TCT-2 04MS7x-A*iaS:tf 
ofe. ftftIC P §?n;/*2bJl4©±lCpS!!Sffi5& 
jKAU F5-fxyf->{r»cj:U«»»«>±ii*» 
6pS)f fcft¥K<y MKt©-»«:x?;f->dn»*U 
10 nS3>**Wg2®Jaufe«HS1k nSS|g6£^ 
J*U LEDilbfc. 
[0 0 3 8] iOLEDfe, To-1 8;VrA£lCV9 
>hb, 2 0mA*«»fcR©fflj£fe*7ofei:::S, 10 
OmcdT-feofe. JWMttfcWfcbfefcSS, 
i§#©G a NOftHftJlfr £>tt 80me VJSfcmWvf 

[0039] mmi 

1 CfcttSfi? Kv b©ffi&P * 3 X 1 05 cm 

20 ^fctferke^tt. 3tt«lii:l«WcLEDfcfWlu 

fe. £©LEDKoWt, HttHl^PMII(C2 0inA'e 
<ry?nr~VV bttWRSftfctf. mit 1 0 m c d T'fe 
[0040] iffiM2 

mmm 1 c&tteft?- k» hcd?bsp % 3 x 1 0 14 c m 

tz. ZlOLEDkloV^, HJ6«|li:!f^C2 0mA , r 

30 OmcdffcU, Jfcatttt^Wh^K. HI 
(DGaN(0?8)tt!fcai:fiC-efeofc. WJi: 
HiafcfHcT*A±W»Kyht«*U WK-Kv 

v<nmma Lfe»A"c*A±Ht a FMrwdtfe 

[0041] Jt«W3 
m&W 1 tCfcWSS?- h©^3 hC&mt 6 0 n m 
ilU <Sw(^P*§5: 5 0 0 nmil LfzZ.£.W\-\t> 

40 1 i:H«tC 2 0 mAX'<Dyb&&ZTmffl&&®M 

feZft-otctZZ. 3feKJ±2 5mcdT&y, ^6i2fcR 

Tffeofe. *tt8Wi:HC*ffCTJiA±tc»? 

SA±ffl5:AFMT'^Sbfc^r5, BI&ofe*f Kv 

[0042] Jt«SW4 
JtHSSW3»CfeW**7-Kf 1 x 1 05 cm-2 
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ZLCDLEDtCoWt, 2 0mAt® 

lOmcdtfe'J, fflffl&\*7fr-i/ybtffc<* M 
[0043] 

118%®®%} ##$©GaN*$fcfcS&-Bi, GaN* 10 
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[0 1 J #Sm<»G a N?ffi%MH>HflZBtWiffl8 

1 $pSS1§ 

2 nfin^^bS 

3 *?FyMKi 

A »KyM»tS:«Wtr*GaN*|gfi» 

5 pSffli 

6 n?gS|g 



6 



S 




t »K*Mtt 

B KXvMMMtrtGaNMM 

6 pfin 

6 nSVS 



3 yi/7-ner®*3-2 ft 
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^JtJ^^1^fiK4TB3#i6 
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